###### Strengths and limitations of this study

-   The chronic obstructive pulmonary disease (COPD) assessment test (CAT), the evaluating respiratory symptoms in COPD (E-RS) and Dyspnoea-12 (D-12) are all easy to administer since the methodology used in their development is similar.

-   The authors sought the reference values of the scores obtained from the D-12 and E-RS for healthy non-smoking subjects that has not been reported although it has been considered that a CAT score of 10 is a cut-off value.

-   The main limitation of this study is that it was conducted with healthy industrial workers who were not randomly sampled, thereby potentially being biassed due to the 'healthy worker effect'.

Introduction {#s1}
============

Over the last two decades, patient reported outcomes (PROs) have been considered to be important in the assessment of healthcare services.[@R1] The St. George's Respiratory Questionnaire (SGRQ) has been one of the most frequently used tools for health status measurements in subjects with chronic obstructive pulmonary disease (COPD).[@R5] Short and simple instruments have become commonplace since the reduction in the number of items has become possible by methodological innovations, including the use of Rasch analysis.[@R6] First, Jones *et al* developed the COPD assessment test (CAT), which has been considered to be almost equivalent to the SGRQ, making the tool easy both to administer and for patients to complete.[@R8] Second, although dyspnoea is one of the most important perceptions experienced in subjects with respiratory or cardiac disorders, it has not been easy to measure this perception due to sensory quality and affective components of dyspnoea. Yorke *et al* reported that Dyspnoea-12 (D-12) provides a global score of breathlessness severity and can measure dyspnoea in a variety of diseases.[@R11] Third, another tool designed specifically to quantify exacerbations in COPD is the Exacerbations of Chronic Pulmonary Disease Tool (EXACT) patient-reported outcome (known as EXACT-PRO).[@R14] Leidy *et al* reported that, using 11 respiratory symptom items from the 14-item EXACT, the evaluating respiratory symptoms in COPD (E-RS) is a reliable and valid instrument for evaluating respiratory symptom severity in stable COPD.[@R17]

The developers of the CAT, D-12 and E-RS have stated that the three PROs derive from different conceptual frameworks, but the methodology used in the development is similar. In subjects with COPD, it may be commonly accepted that breathlessness is included in respiratory symptoms, and that this symptom is one of the essential components of health status. Therefore, the D-12 would be reflected in the E-RS, and the E-RS in the CAT.

We hypothesised that COPD-specific health status measured by the CAT, dyspnoea by the D-12, and symptoms by the E-RS are independently based on specific conceptual frameworks and are not interchangeable in a general population, and that comprehensive symptomatic assessment of the CAT and E-RS would be preferable to dyspnoea by the D-12 in identifying subjects who may have COPD among that population. Hence, the purpose of the present study was to examine the discriminative properties of the CAT, D-12 and E-RS in relation to smoking status and airflow limitation and to investigate whether health status, dyspnoea and respiratory symptoms could be related to a diagnosis of COPD based on the results of spirometry.

Additionally, we previously reported that the 95th percentile of the CAT scores was 13.6 in 512 healthy non-smoking subjects although the CAT score distribution overlapped remarkably between both healthy non-smoking subjects and subjects with COPD.[@R19] As a secondary endpoint of the present study, it was our objective to determine reference values of the scores obtained from the D-12 and E-RS for healthy non-smoking subjects.

Methods {#s2}
=======

Study design {#s2-1}
------------

This is a cross-sectional observational study.

Setting {#s2-2}
-------

The present study was conducted between March 2012 and April 2013 at the Niigata Association of Occupational Health Incorporated, Niigata, Japan.

Participants {#s2-3}
------------

The study subjects were healthy industrial workers over 40 years old who underwent annual health checks at this Association. All underwent a comprehensive health screening, including conventional spirometry. The exclusion criteria included: (1) abnormal findings of the pulmonary parenchyma and chest wall revealed on chest radiographs; (2) undergoing a thoracotomy in the past; (3) any admission to a hospital during the preceding 3 months (except hospitalisation for routine tests); (4) any physician-diagnosed pulmonary diseases including lung cancer, pulmonary tuberculosis, bronchiectasis or non-tuberculous mycobacteriosis except COPD as well as asthma; and (5) unstable complications of cardiovascular, neuromuscular, renal, endocrinological, haematological, gastrointestinal and hepatic co-morbidities. The information about their radiographic findings was obtained from annual health examinations. The participants also answered additional questions to investigate their smoking status and history.

Measurement {#s2-4}
-----------

All eligible subjects completed the following examinations on the same day. Spirometry was performed with the use of nose clips in the sitting position with a Spiro Sift sp-470 Spirometer (Fukuda Denshi Co., Tokyo, Japan). All measurements were performed by a laboratory technician in accordance with guidelines published by the American Thoracic Society and European Respiratory Society.[@R20] The spirometric forced vital capacity (FVC) and forced expiratory volume in one second (FEV~1~) values were the largest FVC and largest FEV~1~ selected from data obtained from at least three acceptable forced expiratory curves, even if these values were not obtained from the same curve.[@R21] In this study, COPD was spirometrically defined as airflow limitation with a FEV~1~/FVC less than either a fixed ratio, 0.7, or lower limit of normal (LLN) without bronchodilator administration.[@R22] Healthy subjects were defined as those with a FEV~1~ of \>85% predicted or a FEV~1~/FVC of \>0.7, forming two groups: subjects with a smoking history of ≥10 pack-years, and non-smoking subjects with a smoking history of \<1 pack-year. This definition is similar to that of the Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points study.[@R26] The predicted values for pulmonary function were calculated based on the proposal from the Japanese Respiratory Society.[@R28] The LLN for the Japanese population was calculated in the present study according to the method described by Osaka *et al*.[@R29]

The Japanese versions of the EXACT, CAT and D-12 were self-administered in the same order under supervision in a booklet form prior to the pulmonary function tests. The E-RS uses 11 respiratory symptom items from the 14-item EXACT, where scores range from 0 to 40, with higher scores indicating more severe symptoms.[@R14] The RS-Total Score represents overall respiratory symptom severity.[@R17] Three subscales were not used in this analysis. The Japanese translation has been created and provided by the original developers who recommend the use of an electronic version to collect the answers. However, no electronic device with the Japanese version of the EXACT or E-RS was available so all surveys were conducted using a paper-based method. Health status was assessed with a previously validated Japanese version of the CAT.[@R30] The CAT consists of eight items scored from 0 to 5 in relation to cough, sputum, dyspnoea, chest tightness, capacity for exercise and activities, sleep quality and energy levels.[@R9] The CAT Scores range from 0 to 40, with a score of zero indicating no impairment. To assess the severity of dyspnoea, we used the Japanese version of the D-12,[@R31] which consists of twelve items (seven physical items and five affective items), each with a four point grading scale (0--3), producing a Total Score (range 0--36, with higher scores representing more severe breathlessness).[@R11]

Patient and public involvement {#s2-5}
------------------------------

Patients were neither involved in the development of the research question, the design of this study, nor the recruitment to and conduct of the study. The abstract of the published paper will appear on the homepage of the institute.

Ethics {#s2-6}
------

The present study was approved by the ethics committee of the Niigata Association of Occupational Health Incorporated. Written informed consent was obtained from all participants.

Statistical methods {#s2-7}
-------------------

All results are expressed as means±SD. Relationships between two sets of data were analysed by Spearman's rank correlation tests. In order to determine reference values for each score, we calculated the 95th percentile of the scores in healthy, non-smoking subjects using the Monte Carlo and bootstrap methods with 1000 bootstrap reps and used this as the upper limit of normal.[@R32] In comparing the groups of COPD, non-COPD smokers and non-COPD never smokers, the significance of between-group difference was determined by an analysis of variance for FEV~1~ or a Kruskal-Wallis test for PRO scores, and when a significant difference was observed, Tukey tests or Steel-Dwass tests were used to analyse where the differences were significant, respectively. Statistical analysis was performed using IBM SPSS Statistics V.22.0 (International Business Machines Corp., Armonk, New York, USA) and BellCurve for Excel (Social Survey Research Information Co., Tokyo, Japan). A p value of less than 0.05 was considered to be statistically significant.

Results {#s3}
=======

Subject characteristics {#s3-1}
-----------------------

A total of 1634 subjects initially participated in the study but 68 were subsequently excluded from the data analysis because of uncertainty over their smoking or other history or having one of the exclusion criteria. Therefore, a total of 1566 subjects (985 males) were analysed. Their demographic details and spirometric results are shown in [table 1](#T1){ref-type="table"}. The mean age of the subjects was 53.0 years. The mean FEV~1~ value was 99.6%±13.1% predicted. The FEV~1~/FVC ratio used as an index of airflow limitation ranged from 52.5% to 97.4%, with a mean of 80.1%. There was no difference between groups in the frequency of self-reported history of asthma.

###### 

Demographic details and spirometric results

                                    Total subjects   Age         Male          Cumulative smoking   Prior diagnosis of asthma   Prior diagnosis of COPD   FEV~1~       FEV~1~/FVC
  --------------------------------- ---------------- ----------- ------------- -------------------- --------------------------- ------------------------- ------------ ------------
  All subjects                      1566             53.0±8.7    985 (62.9%)   14.1±18.6            46 (2.9%)                   10 (0.6%)                 99.6±13.1    80.1±5.8
  Healthy non-smoking subjects\*†   646              53.3±8.8    189 (29.3%)   0.0±0.1              17 (2.6%)                   2 (0.3%)                  105.5±10.7   82.3±4.4
  COPD defined by fixed ratio       85               60.4±9.4    83 (97.6%)    36.9±28.1            5 (5.9%)                    4 (4.7%)                  80.2±11.6    66.0±4.1
  Non-COPD smokers                  817              51.9±8.0    704 (86.2%)   23.1±16.9            23 (2.8%)                   4 (0.5%)                  97.9±11.8    80.1±4.7
  Non-COPD never smokers            664              53.4±8.9    198 (29.8%)   0.0±0.0              18 (2.7%)                   2 (0.3%)                  104.2±12.0   82.0±4.5
  COPD defined by LLN               34               57.7±10.4   29 (85.3%)    31.9±25.8            2 (5.9%)                    2 (5.9%)                  77.3±13.1    63.0±4.9
  Non-COPD smokers                  867              52.4±8.3    755 (87.1%)   24.2±18.3            26 (3.0%)                   6 (0.7%)                  97.1±12.3    79.4±5.3
  Non-COPD never smokers            665              53.5±8.9    201 (30.2%)   0.0±0.0              18 (2.7%)                   2 (0.3%)                  104.1±12.1   82.0±4.5

\*FEV~1~ of \>85% predicted and FEV~1~/FVC of \>0.7.

†A smoking history of \<1 pack-year.

COPD, chronic obstructive pulmonary disease; FEV~1~, forced expiratory volume in 1 s; FVC, forced vital capacity; LLN, lower limit of normal.

The scores for the D-12, CAT and E-RS are shown in [table 2](#T2){ref-type="table"}. They were skewed to the milder ends, and a floor effect was seen in all of the scores. This effect was most pronounced for the D-12 (84.0%) and E-RS (53.3%), and least for the CAT (14.6%). Regarding the interrelationships between the D-12, CAT and E-RS, they were significantly but only weakly correlated with each other (D-12 vs CAT, Spearman's correlation coefficient (Rs)=0.398, p\<0.001; D-12 vs E-RS, Rs=0.274, p\<0.001; and CAT vs E-RS, Rs=0.446, p\<0.001).

###### 

Distributions of the D-12, CAT and E-RS total scores

                                    D-12 score (0--36)   CAT score (0--40)   E-RS Total score (0--40)                                                                         
  --------------------------------- -------------------- ------------------- -------------------------- ----- ------ ----- ----- ----- ------ ------ ----- ----- ----- ------ ------
  All subjects                      0.2                  0.0                 0.6                        6.0   84.0   4.3   3.0   3.9   25.0   14.6   1.2   0.0   1.9   15.0   53.3
  Healthy non-smoking subjects\*†   0.2                  0.0                 0.5                        6.0   86.5   3.6   3.0   3.3   24.0   15.9   0.9   0.0   1.6   10.0   62.5
  COPD defined by fixed ratio       0.3                  0.0                 0.8                        4.0   81.2   4.8   4.0   4.1   19.0   15.3   1.6   1.0   2.2   12.0   44.7
  Non-COPD smokers                  0.2                  0.0                 0.5                        6.0   82.0   4.8   4.0   4.1   25.0   13.1   1.5   1.0   2.1   15.0   46.5
  Non-COPD never smokers            0.2                  0.0                 0.5                        6.0   86.7   3.6   3.0   3.4   24.0   16.3   0.9   0.0   1.6   12.0   62.7
  COPD defined by LLN               0.5                  0.0                 1.0                        4.0   73.5   6.2   6.0   4.8   19.0   14.7   1.8   1.5   2.1   9.0    38.2
  Non-COPD smokers                  0.2                  0.0                 0.5                        6.0   82.2   4.8   4.0   4.1   25.0   13.0   1.5   1.0   2.1   15.0   46.6
  Non-COPD never smokers            0.2                  0.0                 0.6                        6.0   86.8   3.6   3.0   3.4   24.0   16.5   0.9   0.0   1.6   10.0   62.7

\*FEV~1~ of \>85% predicted and FEV~1~/FVC of \>0.7.

†A smoking history of \<1 pack-year. Numbers in parentheses indicate the theoretical score range, and higher scores indicate worse status.

CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; D-12, Dyspnoea-12; E-RS, evaluating respiratory symptoms in COPD; FEV~1~, forced expiratory volume in 1 s; FVC, forced vital capacity; LLN, lower limit of normal.

In order to determine the reference values, from the data obtained from 646 healthy non-smoking subjects ([tables 1 and 2](#T1 T2){ref-type="table"}), the bootstrap 95th percentile values were subsequently calculated and used as the upper limit of normal. For the D-12, this was 1.00; for the E-RS, it was 4.44. Since these scores do not contain decimals, the reference values for the D-12 and E-RS Total Scores were considered to be ≤1 and ≤4, respectively. In the same way, the reference value of the CAT was calculated to be 9.88, which rounds up to 10, in the present study.

Concordant and discordant results between tools were set to be examined using the above cut-off values ([table 3](#T3){ref-type="table"}). However, since there were only a small number of subjects with higher scores on each instrument due to skewed score distribution, those with higher scores on one instrument and lower scores on another were less than one-tenth of all of the subjects involved.

###### 

Concordant and discordant results between tools using the cut-off values

  ------------------------------------------------------------------------------- ---------- ------------------ -----------
  COPD assessment test (CAT) and evaluating respiratory symptoms in COPD (E-RS)                                 
                                                                                             E-RS Total Score   
                                                                                             0--4               5 or more
  CAT score                                                                       0--9       1343 (86%)         63 (4%)
  10 or more                                                                      113 (7%)   47 (3%)            
  COPD assessment test (CAT) and Dyspnoea-12 (D-12)                                                             
                                                                                             D-12 score         
                                                                                             0--1               2 or more
  CAT score                                                                       0--9       1386 (89%)         20 (1%)
  10 or more                                                                      141 (9%)   19 (1%)            
  Evaluating respiratory symptoms in COPD (E-RS) and Dyspnoea-12 (D-12)                                         
                                                                                             D-12 score         
                                                                                             0--1               2 or more
  E-RS Total score                                                                0--4       1428 (91%)         28 (2%)
  5 or more                                                                       99 (6%)    11 (1%)            
  ------------------------------------------------------------------------------- ---------- ------------------ -----------

Relationships of COPD-specific PROs with smoking and airflow limitation {#s3-2}
-----------------------------------------------------------------------

We then divided the 1566 subjects into three groups consisting of a COPD group based on the FEV~1~/FVC using a fixed ratio, 0.7, or LLN; non-COPD current or past smokers; and non-COPD never smokers ([tables 1 and 2](#T1 T2){ref-type="table"}). Using the fixed ratio of the FEV~1~/FVC\<0.7, 85 subjects (5.4%) were diagnosed with COPD, 817 (52.2%) were non-COPD smokers, and 664 (42.4%) were non-COPD never smokers. Using the LLN definition, 34 subjects (2.2%) were diagnosed with COPD, 867 (55.4%) were non-COPD smokers and 665 (42.5%) were non-COPD never smokers.

Relationships of the PROs between the three groups of subjects with COPD, non-COPD smokers and non-COPD never smokers are shown in [figure 1](#F1){ref-type="fig"} (COPD based on the fixed ratio) and [figure 2](#F2){ref-type="fig"} (COPD based on the LLN). The FEV~1~ (%predicted), D-12, CAT and E-RS Total were significantly separated between the three groups (p\<0.05). There were significant differences between the three groups for FEV~1~ (%predicted), D-12, CAT and E-RS Total (p\<0.05). FEV~1~ was significantly different between any two of the three groups (p\<0.001) ([figures 1 and 2](#F1 F2){ref-type="fig"}). With regard to the score distribution ([table 2](#T2){ref-type="table"}), floor effect in subjects with COPD was most prominent for the D-12 (81.2% by the fixed definition and 73.5% by the LLN), and their median scores were 0.0 ([table 2](#T2){ref-type="table"}). It was the least for the CAT (15.3% by the fixed definition and 14.7% by the LLN).

![Box plots representing the distributions of FEV~1~ (%predicted), D-12 (Dyspnoea-12) score, CAT (COPD assessment test) score and E-RS (Evaluating Respiratory Symptoms in COPD) Total score in non-COPD never smokers (Group A, n=664), non-COPD current or past smokers (Group B, n=817) and COPD based on FEV~1~/FVC using a fixed ratio, 0.7 (Group C, n=85). The horizontal lines in the boxes represent the median, and the top and bottom of the boxes represent the 75th and 25th percentiles, respectively. Bars represent the upper adjacent value (75th percentile plus 1.5 times the IQR) and the lower adjacent value (25th percentile minus 1.5 times the IQR), and the crosses represent outliers. COPD, chronic obstructive pulmonary disease; FEV~1~, forced expiratory volume in 1 s; FVC, forced vital capacity.](bmjopen-2018-025132f01){#F1}

![Box plots representing the distributions of FEV~1~ (%predicted), D-12 (Dyspnoea-12) score, CAT (COPD assessment test) score and E-RS (Evaluating Respiratory Symptoms in COPD) Total score in non-COPD never smokers (Group A, n=665), non-COPD current or past smokers (Group B, n=867) and COPD based on FEV~1~/FVC using the LLN (Group C, n=34). The horizontal lines in the boxes represent the median, and the top and bottom of the boxes represent the 75th and 25th percentiles, respectively. Bars represent the upper adjacent value (75th percentile plus 1.5 times the IQR) and the lower adjacent value (25th percentile minus 1.5 times the IQR), and the crosses represent outliers. COPD, chronic obstructive pulmonary disease; FEV~1~, forced expiratory volume in 1s; FVC, forced vital capacity.](bmjopen-2018-025132f02){#F2}

In investigating how many were symptomatic among 817 (by the fixed definition) and 867 (by the LLN definition) non-COPD smokers, using the above reference values, 24 (2.9%) and 24 (2.8%) were \>1 on the D-12, 79 (9.7%) and 80 (9.2%) were \>10 on the CAT, and 74 (9.1%) and 76 (8.8%) were \>4 on the E-RS.

Regarding the group comparisons, significant differences were found between non-COPD never smokers and non-COPD smokers on all of the measures; however, significance was relatively weaker for the D-12 score (p=0.025 ([figure 1](#F1){ref-type="fig"}) and 0.029 ([figure 2](#F2){ref-type="fig"})) as compared with the CAT and E-RS Total (p\<0.001). On the CAT and E-RS Total, significant differences were also found between non-COPD never smokers and subjects with COPD (p\<0.05); however, on the D-12, a significant difference was found only by the LLN definition (p=0.036, [figure 2](#F2){ref-type="fig"}), but not by the fixed ratio definition (p=0.24, [figure 1](#F1){ref-type="fig"}). Neither the D-12, CAT nor E-RS Total were significantly different between COPD and non-COPD smokers.

Discussion {#s4}
==========

This is the first study to directly compare differences among three COPD-specific outcomes, including dyspnoea, respiratory symptoms or health status in a general working population. First, the associations between dyspnoea measured by the D-12, health status by the CAT and respiratory symptoms by the E-RS were significant but weak, indicating that they were far below the level of conceptual similarity. This relationship may be expected since the three PRO measurement tools were created by each developer from independent conceptual frameworks. Second, from the data obtained from 646 healthy non-smoking subjects, the bootstrap 95th percentile values were an E-RS Total score of 4.44 indicating that the reference value is ≤4. The reference values for the D-12 and CAT score are also ≤1 and ≤10, respectively. Third, from a standpoint of the relationship with smoking status and airflow limitation, in comparison to non-COPD never smokers, health status by the CAT and respiratory symptoms by the E-RS were worse in non-COPD smokers and subjects with COPD, although dyspnoea by the D-12 was not as sensitive. None of these PRO measures were adequate in differentiating between non-COPD smokers and subjects with COPD.

In the present study, there were considerable numbers of smokers with preserved pulmonary function, or without airflow limitation, 52.2% by the fixed ratio and 55.4% by the LLN, respectively, who may be diagnosed as COPD-free by spirometric criteria. Their dyspnoea, health status and respiratory symptoms were significantly worse than those in never smokers, which is compatible with recent population studies.[@R33] They also indicated that pulmonary disease and impairments were common in smokers with preserved pulmonary function although they did not meet the current criteria of COPD based on spirometry,[@R35] and that symptoms might be more sensitive than spirometry in detecting smoking-related respiratory impairments. Actually, symptom-based questionnaires to screen for COPD that do not include spirometry have been developed.[@R37]

Conversely, the present study adds that PROs in non-COPD smokers were not significantly different from those in subjects with COPD. Actually, about 9% of smokers with preserved pulmonary function were judged to be symptomatic according to the reference values of CAT \>10 or E-RS \>4. Their symptoms may tend to exacerbate in the future, advance to COPD, or be treated as if they were COPD. How to manage this group of symptomatic smokers without airflow limitation is a key issue to be solved through careful long-term follow-ups.

The global initiative for chronic obstructive lung disease (GOLD) 2011 consensus report proposed a revised 'combined COPD assessment' classification in which symptoms should be assessed either as a dyspnoea measure using the modified Medical Research Council (mMRC) dyspnoea scale, or as a health status measure using the CAT.[@R39] We have contributed to the establishment of this concept by demonstrating the significant predictive properties of dyspnoea and health status independently of airflow limitation.[@R40] There has hitherto been much debate over how to assess symptoms in this new classification. Although dyspnoea was not measured by the mMRC dyspnoea scale but by D-12, interrelationships between the D-12, CAT and E-RS were weak to moderate. Therefore, it may be difficult to use dyspnoea, health status and respiratory symptoms in a mutually complementary form. The GOLD recommends a comprehensive assessment of symptoms rather than just a measure of dyspnoea. The present study supports this by showing that the D-12 had the most marked floor effects even in subjects with COPD, and that the CAT and E-RS seemed to be more sensitive in discriminating subjects based on smoking and COPD than the D-12.

We reported in 2013 that the 95th percentile of the scores in 512 healthy, non-smoking subjects were used as the upper limit of normal in exactly the same way as in the present study.[@R19] For the CAT, it was 13.6. In 2014 Pinto *et al* [@R42] published some of the results of the Canadian cohort obstructive lung disease study and reported that the normative value for the CAT score was determined to be 16 from a population-based study where they used post-bronchodilator spirometric values. Compared with the above two reports, a score of 10 was the 95th percentile of the scores in healthy industrial workers from Japan, and it is the lowest in the present study. The GOLD currently states that the boundary between GOLD A and B and between GOLD C and D is a CAT score of 10,[@R39] which is consistent with the important result of the present study although there might be some margin of error depending on the methodologies and subjects of the studies.

This study has several limitations. Although we intended to determine the border of the normal level of the D-12, CAT and E-RS Total scores, the study subjects were not randomly sampled and there could be a risk of sample bias. The D-12, CAT and E-RS are sufficiently validated for measuring PROs in subjects with COPD, but most participants were not patients with COPD but rather healthy workers. As such, there is a possibility that they are not appropriate tools for the study population. However, since the successful application of the CAT in a working population or a random sampling frame from the populations has also been reported,[@R19] there may be a reason to be hopeful for success with the D-12 and E-RS. Although post-bronchodilator spirometric values are recommended to be used to make a diagnosis of COPD,[@R39] the diagnosis was made only from pre-bronchodilator spirometric information in the present study. Furthermore, the present study was conducted in Japanese so that each of the instruments would have been translated from the original language of its development. Although the Japanese version has been validated in each case, it may be a limit to the generalisability of the research across the globe.

Three main conclusions may be drawn from our findings. First, associations among dyspnoea measured by the D-12, health status by the CAT, and respiratory symptoms by the E-RS, were statistically significant but weak, indicating that they cannot be used interchangeably. Second, using the data obtained from 646 healthy non-smoking subjects, the reference values of the D-12, CAT and E-RS were ≤1, ≤10 and≤4, respectively. Third, from a standpoint of the relationship with smoking status and airflow limitation, health status and respiratory symptoms may be more closely related to non-COPD smokers and subjects with COPD than dyspnoea as compared with non-COPD never smokers; however, none of these PRO measures can differentiate between non-COPD smokers and subjects with COPD. How to manage non-COPD symptomatic smokers should be investigated in the future.
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